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[NAME OF THE DOCUMENT] Specification 

[TITLE OF THE INVENTION] Method for Forming Phosphor 
Layer of Gas Discharge Tube and Method for Fabricating 
Phosphor Layer Supporting Member 
5 [CLAIMS] 

[Claim 1] A method for forming a phosphor layer in a 
gas discharge tube, comprising: 

drawing a mother material to fabricate a supporting 
member which is insertable in a gas discharge tube; 
10 forming a phosphor layer on a surface of the 

supporting member; and 

inserting into the gas discharge tube the resulting 
phosphor layer supporting member having the phosphor layer 
formed thereon. 

15 [Claim 2] The method for forming a phosphor layer in 

a gas discharge tube according to claim 1, wherein the 
fabrication step of the supporting member and the formation 
step of the phosphor layer are performed sequentially in-line. 

[Claim 3] The method for forming a phosphor layer in 

20 a gas discharge tube according to claim 1, wherein the mother 
material is made of glass, and the fabrication step of the 
supporting member from the glass mother material comprises 
heating and drawing of the glass mother material at a 
temperature ranging between the softening point and the 

25 operating point of the glass mother material. 

[Claim 4] The method for forming a phosphor layer in 
a gas discharge tube according to claim 1, wherein the mother 



material is made of metal and the fabrication step of the 
supporting member from the metal mother material comprises 
elongation of the metal mother material at room temperature. 

[Claim 5] The method for forming a phosphor layer in 
5 a gas discharge tube according to claim 4, wherein forming of 
the metal mother material is performed simultaneously with 
the elongation at room temperature. 

[Claim 6] The method for forming a phosphor layer in 
a gas discharge tube according to claim 4, further comprising 
10 the step of roll-forming or press-forming the metal mother 
material after the elongation at room temperature. 

[Claim 7] The method for forming a phosphor layer in 
a gas discharge tube according to claim 6, wherein the press 
forming is performed while longitudinal tension is placed on 
15 the metal mother material. 

[Claim 8] The method for forming a phosphor layer in 
a gas discharge tube according to claim 1, wherein the mother 
material is made of metal oxide or low-melting glass, the 
method further comprising the step of roll-forming or 
20 press-forming the mother material while heating after the 
drawing of the mother material. 

[Claim 9] A method for fabricating a phosphor layer 
supporting member for supporting a phosphor layer in a gas 
discharge tube, comprising: 
25 drawing a mother material having an almost 

arc-shaped cross section similar to an outer shape of a gas 
discharge tube to fabricate a supporting member, the 
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supporting member having an almost arc-shaped cross section 
of a size that is insertable in the gas discharge tube so as to 
form a phosphor layer on an arc-shaped internal surface of the 
supporting member. 
5 [Claim 10] The method for fabricating a phosphor 

layer supporting member according to claim 9, wherein the 
mother material is made of glass, and the fabrication step of 
the supporting member from the glass mother material 
comprises heating and drawing of the glass mother material at 
10 a temperature ranging between the softening point and the 
operating point of the glass mother material. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field to which the Invention Pertains] 
15 The present invention relates to a method for forming 

a phosphor layer of a gas discharge tube and a method for 
fabricating a phosphor layer supporting member. More 
particularly, the present invention relates to a method for 
forming a phosphor layer of a gas discharge tube comprising a 
20 small glass tube having an internal diameter of about 0.5-5 
mm, and to a method for fabricating a phosphor layer 
supporting member which is insertable in the gas discharge 
tube and which has a phosphor layer formed on its surface. 
[0002] 

25 [Relevant Art] 

A display device for displaying an arbitrary image is 
known, in which a plurality of gas discharge tubes each 
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comprising a small glass tube having an internal diameter of 

about 0.5-5 mm are arranged in an array form. 

[0003] 

In the small glass tube used as the gas discharge tube 
5 for the display device, a phosphor layer for converting 
ultraviolet light generated by discharge to visible light is 
formed. As a method for forming the phosphor layer in the 
small glass tube, a method of forming the phosphor layer 
directly on an inner wall of the small glass tube is well known. 

10 There is also a method of forming the phosphor layer on a 

supporting member separated from the small glass tube and 
then inserting it in the small glass tube as described in 
Japanese Patent Application No. 2001-276941 which is also an 
application by applicant of the present application. 

15 [0004] 

When compared to the method of forming the 
phosphor layer directly on the inner wall of the small glass 
tube, the method of forming the phosphor layer in the small 
glass tube by inserting the supporting member having the 

20 phosphor layer formed thereon (hereafter referred to as 

"phosphor layer supporting member") into the small glass tube 
has an advantage that a uniform phosphor film can be formed 
easier. On the other hand, fabrication of the supporting 
member is not easy because the supporting member needs to 

25 be of a structure which is slimmer than the small glass tube 
and almost the same as the small glass tube in length, and 
needs to have an almost the same expansion coefficient as that 
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of the small glass tube. 
[0005] 

[Problem that the Invention is to Solve] 
For the above reasons, there has been a demand for a 
5 method for easily and efficiently fabricating the supporting 
member for forming the phosphor layer thereon, which is 
insertable in the small glass tube to be used as the gas 
discharge tube. 
[0006] 

10 In view of the above circumstances, the present 

invention is directed to a method for efficiently forming a 
phosphor layer in a gas discharge tube by drawing a base 
material to fabricate a supporting member which is insertable 
in a small glass tube to be used as the gas discharge tube, 

15 forming a phosphor layer on the supporting member, and then 
inserting and placing the supporting member in the small glass 
tube. 
[0007] 

[Means of Solving the Problem] 

20 The present invention provides a method for forming a 

phosphor layer in a gas discharge tube comprising the steps of: 
drawing a base material to fabricate a supporting member 
which is insertable in a gas discharge tube; forming a 
phosphor layer on a surface of the supporting member; and 

25 inserting into the gas discharge tube a phosphor layer 

supporting member having the phosphor layer formed thereon. 
[0008] 
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According to the present invention, the phosphor layer 
is formed in the gas discharge tube by drawing the base 
material to fabricate the supporting member which is 
insertable in the gas discharge tube, forming the phosphor 
5 layer on the surface of the supporting member, and inserting 
into the gas discharge tube the phosphor layer supporting 
member having the phosphor layer formed thereon. The yield 
of the supporting member fabricated by the method of the 
present invention is higher than that of the supporting member 

10 fabricated by grinding. Compared with a method of forming a 
phosphor layer directly on an inner wall of a gas discharge 
tube, the method of the present invention can easily form a 
uniform phosphor film. Furthermore, since the phosphor 
layer can be baked outside the gas discharge tube, no 

15 contamination of a discharge gas by a residue of an organic 
component takes place at the baking of the phosphor layer. 
[0009] 

[Mode for Carrying Out the Invention] 

In the method for forming a phosphor layer of a gas 

20 discharge tube of the present invention, the phosphor layer is 
formed in the gas discharge tube by, drawing a base material 
to fabricate a supporting member for forming the phosphor 
layer thereon, forming the phosphor layer on the supporting 
member, and inserting into the gas discharge tube a phosphor 

25 layer supporting member having the phosphor layer formed 
thereon. The phosphor layer supporting member to be 
fabricated by the present invention can be used suitably for a 
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gas discharge tube for display comprising a small tube having 
a diameter of about 0.5-5 mm. The present invention provides 
methods for forming a phosphor layer and for fabricating a 
phosphor layer supporting member that are suitable for such a 
5 gas discharge tube for display as described above. 
[0010] 

The supporting member used in the phosphor layer 
formation method of the present invention is fabricated as 
follows. As a preliminarily step, a large base material having 

10 a shape similar to an intended shape is fabricated. Then, the 
large base material is heated at a temperature ranging from 
the softening point to the operation point of the base material, 
and is drawn (also referred to as "redrawn"), so that the 
supporting member of intended size and shape is fabricated. 

15 Here, the large base material before being drawn is referred to 
as a mother material. The shape of the mother material does 
not have to be similar to the shape of the gas discharge tube. 
However, for arranging the supporting member steadily along 
an inner wall of the gas discharge tube, the shape of the 

20 mother material preferably is similar to the shape of the gas 
discharge tube. In other words, when the gas discharge tube 
has the shape of a right circular,, oval or rectangular cylinder, 
the mother material preferably has the shape of a canoe with 
an almost arc-shaped cross section or of a boat whose cross 

25 section is a part of a rectangle obtained by cutting the right 
circular, oval or rectangular cylinder vertically into half. 
[0011] 
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In the present invention, the supporting member of 
intended size and shape is fabricated by drawing the mother 
material as described above. Therefore, there is no glass 
grinding step, and glass is free from chipping. The mother 
5 material can be formed by various methods and can be made 
with high accuracy in size because it is sufficiently large in 
size and thickness. Besides, no large equipment is required. 
[0012] 

According to the present invention, slight chipping of 
10 edges of the mother material which occurs during its formation 
can be made inconspicuous by the drawing of the mother 
material and softening during the drawing. Thus, the present 
invention has such an advantage that the supporting member 
is hard to be broken by handling during the phosphor layer 
15 formation step. 
[0013] 

The supporting member of the present invention can 
be fabricated using various materials. As such materials, 
both insulating and conductive materials can be used. As the 
20 insulating material, a glass material such as low-melting glass, 
soda lime glass, borosilicate glass or the like, or metal oxide 
may be used. As the conductive material, aluminum, copper, 
silver, stainless steel, Alloy 426 or the like may be used. 
[0014] 

25 Any of these materials may be used as a material for 

the supporting member. However, taking into consideration 
that a heat treatment may be performed after the phosphor 



layer supporting member is inserted and placed in the gas 
discharge tube, the material is preferably equal to the gas 
discharge tube in thermal expansion coefficient. In view of 
the above, it is preferable that the same material is used for 
5 the gas discharge tube and the supporting member. In the 

case where a metal material is used for the supporting member 
and the gas discharge tube is made of, for example, soda lime 
glass, the metal material preferably is Alloy 426 which is 
almost equal to the soda lime glass in thermal expansion 
10 coefficient. 
[0015] 

In the case where the supporting member is fabricated 
using the metal material, the supporting member can be used 
as a reflecting layer for phosphors or as a signal electrode (also 
15 referred to as data electrode) for pixel selection. When using 
the supporting member as the signal electrode, aluminum 
having a comparatively high conductivity is preferably used as 
the metal material. 
[0016] 

20 Even if the metal material is adopted for the 

supporting member, it is difficult to fabricate such a 
supporting member insertable inside the gas discharge tube 
directly by forming a thin metal material. Accordingly, in the 
case where the metal material is used, the metal supporting 

25 member is fabricated by elongation at room temperature, 
utilizing the characteristics of the metal material. 
[0017] 
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When using the metal material, the supporting 
member may be fabricated by deforming the metal material to a 
desirable shape by roll-forming or press-forming 
simultaneously with or after the elongation. Alternatively, the 
5 supporting member may be fabricated by elongating the metal 
material of round bar shape until it takes the shape of a fine 
wire having a uniform diameter, and press-forming the wire 
with a mold. 
[0018] 

10 When fabricating the supporting member by press 

forming, the material is preferably held under longitudinal 
tension while being pressed so that a straight supporting 
member is formed. 

Such forming of the metal material as described above 

15 can be applied to materials such as glass, low-melting glass 

and metal oxides as well. The supporting member can also be 
fabricated by processing these materials by applying pressure 
while heating. 
[0019] 

20 In the present invention, in the case where the glass 

material is used for the mother material, the mother material 
is heated at a temperature in the range of its softening point to 
operation point when drawing the mother material. 

Fig. 1 is a graph representing a relationship between a 

25 heating temperature and a glass viscosity when borosilicate 

glass is used as the glass material. In the case of borosilicate 
glass, its softening point is about 600-800°C and its operation 
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point is about 800-l,200°C. Forming at a temperature in the 
range of the softening point to the operation point allows the 
glass viscosity to be maintained in the range of 10 4 -10 7 - 6 poise 
and deformation by decrease in viscosity during forming to be 
5 prevented. 
[0020] 

Conventionally, as a method for fabricating the small 
tube, a method of drawing a cylindrical tube having a shape 
similar to an intended shape at a temperature not lowered 

10 than its softening point is known. A tubular structure such 
as the cylindrical tube can be formed by heating a material for 
the structure to a considerably high temperature with no 
concern for deformation since radial tension put on the 
structure during softening is uniform. 

15 [0021] 

However, in the case of the supporting member of the 
present invention whose cross section is not symmetric with 
respect to a point, the range of temperature for forming needs 
to be strictly controlled. This is because tension on the 

20 member is not uniform during softening, and deformation 
occurs. As described above, when the temperature during 
forming is too high, the viscosity of the material decreases and 
a remarkable deformation occurs. Therefore, drawing of the 
supporting member is performed at a temperature in the range 

25 of its softening point to operation point for fabrication thereof. 
[0022] 

In the present invention, after the supporting member 
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insertable in the gas discharge tube is fabricated by drawing 
the mother material, the phosphor layer is preferably formed 
sequentially in line on a surface of the supporting member. 
In the formation of the phosphor layer, first of all, a phosphor 
5 paste is applied on the surface of the supporting member. 
The application of the phosphor paste may be performed by 
printing the phosphor paste adjusted to have a viscosity 
similar to that of ink by means of a printing method. 
Alternatively, the application may be performed by discharging 
10 the phosphor paste adjusted to have a viscosity little softer 
than that of ink from a nozzle of a dispenser. The phosphor 
paste is not particularly limited and any known phosphor 
paste may be used. 
[0023] 

15 After the phosphor paste is applied, it is dried and 

baked. The baking is preferably carried out at a temperature 
in the range of about 350-450°C. The baking burns off a 
solvent and a binder resin contained in the phosphor paste to 
form the phosphor layer. Thus, the phosphor layer is formed 

20 on the supporting member. For the drying and baking step, 
conventional drying and baking steps may be adopted. 
[0024] 

With reference to the attached drawings, the present 
invention will hereinafter be described by way of embodiments 
25 thereof. However, it should be understood that the invention 
is not limited to these embodiments and various modifications 
can be made. 
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[0025] 

A method for forming a phosphor layer of a gas 
discharge tube according to the present invention may suitably 
be used for a gas discharge tube for display formed of a small 
5 tube having a diameter of about 0.5-5 mm. For this reason, 
an example of a display device using the preceding gas 
discharge tube will be described below. 
[0026] 

Fig. 2 is a view illustrating an example of the display 
10 device that uses the gas discharge tube in which a phosphor 
layer is formed by the method of the present invention. 
[0027] 

In the drawing, the reference numeral 1 denotes a 
plurality of said gas discharge tubes, 2 denotes pairs of display 
15 electrodes (pairs of main electrodes), 3 denotes signal 

electrodes, 31 denotes a front side substrate, and 32 denotes a 

rear side substrate. 

[0028] 

A supporting member having the phosphor layer 
20 formed thereon is inserted and placed inside (discharge space) 
the respective gas discharge tubes 1 in small tube shape into 
which a discharge gas is then introduced, and both ends of the 
tubes are sealed. The signal electrodes 3 are formed on an 
inner surface of the rear side substrate 32 so as to be provided 
25 along the longitudinal direction of the gas discharge tubes 1. 
The pairs of display electrodes 2 are formed on an inner 
surface of the front side substrate 31 so as to be provided in a 
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direction horizontally crossing the signal electrodes 3. An 
interval (non-discharge gap) serving as a non-discharge area is 
provided between each pair of display electrodes 2. 
[0029] 

5 The signal electrodes 3 and the pairs of display 

electrodes 2 are brought into close contact with a lower outer 
periphery and an upper outer periphery, respectively, of the 
gas discharge tubes 1 during assembly. In order to improve 
adhesion, a conductive adhesive may be sandwiched between 
10 the display electrodes and surfaces of gas discharge tubes. 
[0030] 

When the display device is seen in a plan view, a 
portion where each signal electrode 3 and each pair of display 
electrodes 2 cross each other serves as a unit light-emitting 

15 area. Display is performed by using one of the display 

electrodes 2 in a pair as a scanning electrode for generating a 
selective discharge at a portion where the scanning electrode 
and the signal electrode 3 cross each other and thereby 
selecting a light-emitting area. Thereafter, a display 

20 discharge is generated with the pair of display electrodes 2 by 
using wall charges formed by the selective discharge on an 
inner surface of the discharge tube at the selected 
light-emitting area. The selective discharge is a counter 
discharge generated in the gas discharge tube 1 between the 

25 scanning electrode and the signal electrode 3 that are opposite 
to each other in a vertical direction. The display discharge is 
a surface discharge generated in the gas discharge tube 1 
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between the display electrodes in a pair arranged parallel to 

each other on a plane. 

[0031] 

In such a display device having the gas discharge 
5 tubes arranged in parallel, the display electrodes and the 

signal electrode may be formed on an outer surface of the gas 
discharge tube 1 by printing, vapor deposition or the like, so 
that the display electrodes form a dot pattern on the tube 
surface and the signal electrodes form a stripe pattern on the 

10 substrate. Then, feeding electrodes may be formed on the 
front side substrate 31 and the rear side substrate 32, and 
may be brought into contact with the display electrodes 2 and 
the signal electrodes 3 of the gas discharge tube 1 at the time 
of assembly. 

15 [0032] 

Fig. 3 is a view illustrating an example of the gas 
discharge tube that has the display electrodes in dot pattern 
and one of the signal electrodes in stripe pattern formed on the 
tube surface. 
20 [0033] 

Fig. 4 is views illustrating the internal construction of 
the gas discharge tube. Fig. 4 (a) is a plan view showing a 
part of the gas discharge tube close to the display electrodes, 
and Fig. 4 (b) is a sectional view taken along the line B-B of Fig. 
25 4 (a). In the figures, the reference numeral 4 denotes the 

phosphor layer, 5 denotes a secondary electron emission film 
comprising MgO, and 6 denotes the supporting member. The 
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supporting member 6 is provided for introducing the phosphor 
layer 4 in the gas discharge tube 1 and steadily supporting it 
inside the tube. 
[0034] 

5 As described above, the gas discharge tube of the 

present invention is constructed to have a number of 
light-emitting points (display portions) in one tube by allowing 
the phosphor layer to emit light by discharge of the pairs of 
display electrodes which are disposed so as to be in contact 
10 with the outer wall of the tube. The gas discharge tube is 

made of a transparent insulator (borosilicate glass) and has a 
diameter of 2 mm or smaller and a length of 300 mm or 
greater. 
[0035] 

15 The supporting member 6 is made of borosilicate glass 

and is separated from a tubular body (glass tube) of the gas 
discharge tube 1. The supporting member 6 has the phosphor 
layer 4 formed thereon. In other words, the phosphor paste 
may be applied on the supporting member 6, and then the 

20 paste may be baked to form the phosphor layer 4 on the 

supporting member. Thereafter, the supporting member 6 
may be inserted and placed in the glass tube. Various 
phosphor pastes known in the art can be used as the phosphor 
paste. 

25 [0036] 

The pair of display electrodes 2 and the signal 
electrode 3 can generate discharge in the discharge gas inside 
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the tube by application of a voltage to these electrodes. In the 
electrode structure shown in the figures, three electrodes are 
arranged at one light-emitting portion and the display 
discharge is generated by the pair of display electrodes. 
5 However, the electrode structure is not limited to the above 

and the display discharge may be generated between the signal 
electrode 3 and either one of the display electrodes 2 in a pair. 
[0037] 

In other words, the electrode structure may be such 
10 that the pair of display electrodes serves as a single display 
electrode and the single display electrode is used as the 
scanning electrode so that the selective discharge and display 
discharge (counter discharge) are generated between the signal 
electrode 3 and the scanning electrode. 
15 [0038] 

The secondary electron emission film 5 generates 
electrons by collision with the discharge gas having energy of a 
certain value or greater. The secondary electron emission film 
5 is not necessarily be provided. 

20 When a voltage is applied to the pair of display 

electrodes, the discharge gas filled inside the tube is excited. 
The phosphor layer 4 emits visible light with vacuum 
ultraviolet light generated during a deexcitation process of 
excited inert gas atoms. 

25 [0039] 

Fig. 5 is a diagram for explaining a method for 
fabricating the supporting member of the present invention. 
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In fabrication of the supporting member for forming 
the phosphor layer thereon, as a preliminarily step, a large 
supporting member having the shape of a canoe (here, referred 
to as the shape of a boat) is fabricated using borosilicate glass 
5 as a material. The boat-shaped supporting member is 

obtained by cutting vertically into half a cylindrical tube whose 
shape is similar to an intended shape. The large supporting 
member thus fabricated is called a glass mother material. 
[0040] 

10 Then, as shown in the figure, the supporting member 

6 having an intended size and shape is fabricated by heating 
the glass mother material 7 with a heater 8 and redrawing the 
material while maintaining its shape. The heater 8 is 
provided with a temperature sensor 9 comprising a 

15 thermocouple and the temperature sensor 9 detects the 
temperature of the heater 8. 

The heater 8 controls the temperature in the range of 
600°C to 1200°C, that is, from the softening point to the 
operation point of borosilicate glass. 

20 [0041] 

The glass mother material 7 is conveyed at a speed of 
v in the direction of an arrow A in the figure. The supporting 
member 6 is pulled at a speed of [c (constant) X v] in the 
direction of an arrow B in the figure. The constant c is set 
25 suitably according to the material and size adopted for the 
mother material. 
[0042] 



Fig. 6 is views illustrating a general construction of a 
redraw apparatus. Fig. 6 (a) is a view illustrating the redraw 
apparatus as seen from the front and Fig. 6 (b) is a view 
illustrating the redraw apparatus as seen from the side. The 
5 redraw apparatus can be vertically oriented or horizontally 
oriented. 

In the figure, the reference numeral 11 denotes the 
redraw apparatus, 12 denotes a slider, and 13 denotes a pair 
of drawing rolls. As described above, the slider 12 allows the 
10 glass mother material 7 to be conveyed at a speed of v, and the 
drawing rolls 13 draw the supporting member 6 at a speed of 
cv. 

[0043] 

Fig. 7 is a view illustrating details of the drawing rolls. 

15 The glass mother material 7 is horizontally oriented 

with respect to the redraw apparatus. The pair of drawing 
rolls 13 comprises a convex roll 13a and a concave roll 13b. 
A portion where the convex roll 13a and concave roll 13b 
contact each other has the shape that corresponds to the 

20 shape of the supporting member 6. The pair of drawing rolls 
13 may be flat rolls. 
[0044] 

When the supporting member 6 is drawn by the pair of 
drawing rolls 13, the supporting member 6 is kept horizontally 
25 oriented and drawn while pressure is applied in the direction 
of an arrow C. 
[0045] 
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Fig. 8 is a view illustrating one embodiment of a step 
of forming the phosphor layer on the supporting member. In 
the figure, 14 denotes rolls for changing direction, 15 denotes 
a pair of conveying rolls, 16 denotes a phosphor paste 
5 application device, 17 denotes a drying oven, and 18 denotes a 
baking oven comprising a conveyor oven. In the figure, the 
redraw apparatus is horizontally oriented. 
[0046] 

The pair of conveying rolls 15 comprises a convex roll 
10 and a concave roll as in the case of the pair of drawing rolls 13. 
A dispenser is used as the phosphor paste application device 
16. The pair of conveying rolls 15 may be flat rolls as well. 
[0047] 

In the process of this embodiment, after the step of 
15 forming the supporting member 6, the phosphor paste is 

applied to the supporting member 6 using the dispenser, and 
the paste is then dried in the drying oven 17 and baked by 
being passed through the baking oven 18, whereby the 
phosphor layer supporting member having the phosphor layer 
20 formed thereon is fabricated. Such a fabrication process as 
described above can simplify the manufacturing operation 
since the steps of fabricating the supporting member 6 to 
forming the phosphor layer are performed at once in line. 
[0048] 

25 Also in the process of the embodiment, after the 

supporting member 6 is formed by the redraw apparatus, the 
phosphor paste is immediately applied to the supporting 
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member 6 before it is completely cooled off, and the paste is 
then dried in the drying oven 17 right after its application. 
By applying the phosphor paste to the supporting member 
while ambient temperature is high, the phosphor paste can be 
5 dried faster and does not concentrate in the middle of the 
supporting member so that the phosphor layer does not 
become thick in the middle. 
[0049] 

As an alternative to the dispenser, a printing device 
10 may be used as the phosphor paste application device 16. 

In the above-mentioned process, the phosphor layer is 
formed on the supporting member before the supporting 
member is cut. However the supporting member may be cut 
into a predetermined length before the phosphor layer 
15 formation step so that the phosphor layer is formed on the cut 
supporting member of predetermined length. 
[0050] 

Fig. 9 is a view illustrating details of the printing 

device. 

20 A transfer apparatus 19 in the form of rolls is used as 

the printing device. The transfer apparatus in roll form is 
constituted of a transfer roll 19a comprising a convex transfer 
plate and a concave opposing roll 19b. The phosphor paste 
can be printed continuously on the supporting member 6 by 

25 filling the phosphor paste in ink form into the transfer roll 19a 
and applying pressure to the transfer and opposing rolls in the 
direction indicated by D in the figure. 
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[0051] 

In the embodiment described above, only one redraw 
apparatus 1 1 is shown, but use of a plurality of said redraw 
apparatuses 1 1 allows mass production. For example, the 
5 phosphor layers of red (R), green (G) and blue (B) can be 
formed simultaneously on a plurality of said supporting 
members 6 for respective colors if the redraw apparatus 1 1 and 
the phosphor paste application device 16 are prepared for each 
color. Optionally, more than three redraw apparatuses 11 
10 and the phosphor layer application devices 16 may be 
provided. 
[0052] 

As described above, the supporting member 6 of 
intended size is fabricated by drawing the glass mother 
15 material 7. The glass mother material 7 can be formed by 
various methods and can be made with high accuracy in size 
because it is sufficiently large in size and thickness. Besides, 
no large forming equipment is required. 
[0053] 

20 Slight chipping of edges of the mother material 7 

which occurs during its formation can be made inconspicuous 
in the fabricated supporting member 6 by drawing of the 
mother material and softening during the drawing. Thus, the 
supporting member 6 has such an advantage that it is hard to 

25 be broken by handling during the phosphor layer formation 
step. 
[0054] 
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Besides, the viscosity of the glass mother material 7 
does not decrease and deformations of the supporting member 
6 such as a warp and twist do not occur since the mother 
material is processed at a temperature in the range of its 
5 softening point to operation point. 
[0055] 

Fig. 10 is an illustrative view of an example of 
fabrication of the supporting member using a metal base 
material. 

10 In the figure, 6a denotes a supporting member made 

of metal, 7a denotes a metal mother material, 13c denotes 
drawing rolls, and 21 denotes reduction rolls. 

In this embodiment, the supporting member is 
fabricated by elongating the metal mother material. When the 

15 supporting member is fabricated using the metal mother 
material, it is possible to use the supporting member as a 
reflecting layer for phosphors or as a signal electrode for pixel 
selection. When using the supporting member as the signal 
electrode, aluminum having a relatively high conductivity is 

20 preferably used as a metal material. 
[0056] 

The metal mother material 7a may be boat shaped or 
flat shaped. The boat-shaped metal supporting member 6a is 
fabricated by elongating the boat-shaped metal mother 
25 material 7a as it is or by elongating the flat-shaped metal 
mother material 7a while forming it. 
[0057] 
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The reduction rolls 21 comprise a top roll 21a and a 
bottom roll 21b. The top roll 21a has a convex surface that 
follows the concave of the boat shape of the metal mother 
material 7a. The bottom roll 21b has a concave surface that 
5 follows the convex of the boat shape of the metal mother 

material 7a. The supporting member 6a is formed by applying 
pressure to the metal mother material 7a in the direction of an 
arrow E in the figure and then elongating and forming the 
metal mother material 7a. 
10 [0058] 

As the phosphor paste application device 16, the same 
dispenser used for the glass mother material may be used. 
The transfer apparatus in the form of rolls shown in Fig. 9 may 
be used as well. 
15 [0059] 

The structure of the drawing rolls 13c for the metal 
mother material may be the same as that of the drawing rolls 
for the glass mother material except that surfaces of the rolls 
in contact with the supporting member 6a are made of a 
20 material for metals. 
[0060] 

Fig. 1 1 is an illustrative view of an example of 
fabrication of the supporting member by forming the metal 
base material after rolling. In this example, rolling and 
25 forming are performed in different steps. In other words, the 
supporting member is fabricated by forming a metal mother 
material after elongation. 



[0061] 

In the figure, 7b denotes a flat-shaped metal mother 
material, 22 denotes reduction rolls, and 23 denotes forming 
rolls. The metal mother material 7b has a flat shape. The 
5 metal supporting member 6a in boat shape is fabricated by 
forming the flat-shaped metal mother material 7b with the 
forming rolls 23 after elongation. 
[0062] 

The reduction rolls 22 comprise a top roll 22a and a 
10 bottom roll 22b. Both the top roll 22a and the bottom roll 

22b have flat surfaces that correspond to the flat shape of the 
metal mother material 7b. The metal mother material 7b is 
elongated by application of pressure thereto in the direction of 
an arrow F in the figure. 
15 [0063] 

As the phosphor paste application device 16, the same 
dispenser used for the glass mother material may be used. 
The transfer apparatus in the form of rolls shown in Fig. 9 may 
be used as well. 
20 [0064] 

The structure of the drawing rolls 13c for the metal 
mother material may be the same as that of the drawing rolls 
for the glass mother material except that the surfaces of the 
rolls in contact with the supporting member 6a are made of a 
25 material for metals. 
[0065] 

Fig. 12 is a view illustrating the configuration of the 
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forming roll. 

As shown in the figure, the forming rolls 23 comprise 
a top roll 23a and a bottom roll 23b. The top roll 23a has a 
convex surface that follows the concave of the boat shape of 
5 the supporting member to be formed. The bottom roll 23b has 
a concave surface that follows the convex of the boat shape to 
be formed. By applying pressure to the flat-shaped metal 
mother material 7b in the direction of an arrow G in the figure, 
the metal mother material 7b is formed into the supporting 
10 member 6a in boat shape. 
[0066] 

Fig. 13 is a view illustrating a step of press-forming an 
elongated round bar. 

The metal mother material may be in the form of a 

15 round bar. In that case, the metal mother material is 

elongated by the reduction rolls while keeping its round bar 
shape to form the elongated mother material 7b in the form of 
a fine wire having a uniform diameter. Then, the elongated 
mother material 7b may be continuously formed by the 

20 boat-shaped forming rolls to fabricate the supporting member. 
Alternatively, after elongation of the mother material 7b by the 
reduction rolls is stopped or the elongated mother material 7c 
is cut to a suitable length, the elongated mother material 7b 
may be placed inside a press die 24 and subjected to press 

25 forming by pressing the mother material in the direction of an 
arrow H in the figure. 
[0067] 
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The press die 24 has a shape that corresponds to the 
shape of the supporting member 6a to be formed. Any 
pressing method such as cold pressing, heat pressing and the 
like may be adopted for pressing. When press-forming, the 
5 straight supporting member with no twist can be fabricated by 
pressing the elongated mother material 7b while maintaining 
tension in the longitudinal direction indicated by an arrow I in 
the figure. 
[0068] 

10 Fig. 14 is a view illustrating a case where a plurality 

of said supporting members are formed at a time. 

As shown in the figure, the plurality of supporting 
members can be formed at a time using a press die 25 capable 
of simultaneously press-forming a plurality of elongated 

15 mother materials 7c in the form of fine wires. The press die 
25 has a shape that corresponds to the shape of the 
supporting member 6a to be formed. 
[0069] 

In the above case, the plurality of elongated mother 
20 materials 7c in the form of fine wires are placed inside the 

press die 25 and pressed in the direction of an arrow J in the 
figure (see Fig. 14 (a)). This allows the plurality of supporting 
members 6a in boat shape to be formed at once. 
[0070] 

25 In the above, the elongation and forming of the metal 

mother material is discussed. However, even in the case 
where the glass mother material is used, the supporting 



27 



member can be fabricated by press-forming the mother 
material after heating and drawing it. When press forming 
the glass mother material, forming is performed by pressing 
the material while heating. In the forming, the mother 
5 material may be a bar-shaped material having a predetermined 
outer diameter. Alternatively, powder of metal oxide may be 
subjected to heat-press forming. 
[0071] 

Fig. 15 is a view illustrating a case where the 
10 phosphor paste is applied to the plurality of supporting 
members at a time. 

As shown in the figure, the phosphor paste may be 
simultaneously applied to the plurality of supporting members 
6, 6a using the phosphor paste application device 16 provided 
15 with a plurality of nozzles 16a. The phosphor paste 

application device 16 is the dispenser shown in Fig. 8 with the 
plurality of nozzles 16a provided thereto. In this case, one 
accommodating section for phosphor paste may be provided to 
apply the phosphor paste of the same color, or the 
20 accommodating section may be provided for each phosphor 
paste of red, green and blue to apply the phosphor pastes of 
three colors at one time. 
[0072] 

Instead of the phosphor paste application device 16, 
25 the transfer apparatus in the form of rolls shown in Fig. 9 may 
be used. In that case, the transfer apparatus in the form of 
rolls provided with a plurality of said transfer rolls is used. 
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As in the above case, the phosphor paste of the same color may 
be printed with all the transfer rolls, or the transfer rolls may 
be provided for three colors of red, green and blue to print the 
phosphor pastes of three colors at one time. 
5 A coating apparatus such as a slot coater which 

discharges the phosphor paste in slits, curtain coater or the 

like are also applicable. 

[0073] 

The supporting members 6, 6a may be fabricated with 
10 any one of the glass mother material, metal mother material 
and metal oxide powder. The phosphor paste may be applied 
to the supporting members 6, 6a by the dispenser while the 
supporting member is kept in the press die. 
[0074] 

15 When using the dispenser to apply the phosphor paste 

to the supporting member formed continuously by the forming 
rolls, the dispenser is fixed for the application of the paste 
while the supporting member moves. When using the 
dispenser to apply the phosphor paste to the supporting 

20 member formed by cutting the elongated mother material 7c 
and press-forming it, the dispenser moves for the application 
of the paste. 
[0075] 

As described above, the supporting member is 
25 fabricated by drawing or elongation, and after that, the 

phosphor paste is continuously applied to the supporting 
member, so that the phosphor layer supporting member having 
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the phosphor layer formed thereon can be efficiently fabricated 

in line. 

[0076] 

After the phosphor layer supporting member having 
5 the phosphor layer formed thereon is fabricated, the 
supporting member is inserted and fixed inside the gas 
discharge tube to form the phosphor layer in the gas discharge 
tube. 
[0077] 

10 [Effect of the Invention] 

According to the present invention, the supporting 
member insertable inside the gas discharge tube is fabricated 
by drawing of the mother material as described in the foregoing. 
Since the phosphor layer is formed in the gas discharge tube 

15 by inserting the phosphor layer supporting member having the 
phosphor layer formed thereon into the gas discharge tube, 
fabrication of the supporting member with high yield, easier 
formation of a uniform phosphor film and efficient formation of 
the phosphor layer in the gas discharge tube by a series of 

20 steps can be realized. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 
[Fig. 1] 

A graph representing a relationship between a heating 
temperature and a glass viscosity when borosilicate glass is 
25 used as a glass material. 
[Fig. 2] 

A view illustrating an example of a display device that 
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uses a gas discharge tube in which a phosphor layer is formed 
by a method of the present invention. 
[Fig. 3] 

A view illustrating an example of a gas discharge tube 
5 that has display electrode pairs in dot pattern and a signal 
electrode in stripe pattern formed on a tube surface. 
[Fig. 4] 

Views illustrating the internal construction of a gas 
discharge tube. 
10 [Fig. 5] 

A diagram for explaining a method for fabricating a 
supporting member of the present invention. 

[Fig. 6] 

Views illustrating a general construction of a redraw 
15 apparatus. 

[Fig. 7] 

A view illustrating details of drawing rolls. 
[Fig. 8] 

A view illustrating one embodiment of a step of 
20 forming a phosphor layer on a supporting member. 
[Fig. 9] 

A view illustrating details of a printing device. 
[Fig. 10] 

An illustrative view of an example of fabrication of a 
25 supporting member using a metal base material. 
[Fig. 11] 

An illustrative view of an example of fabrication of a 
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supporting member by forming a metal base material after 
rolling. 

[Fig. 12] 

A view illustrating the configuration of a forming roll. 
5 [Fig. 13] 

A view illustrating a step of press-forming an 
elongated round bar. 
[Fig. 14] 

A view illustrating a case where a plurality of 
10 supporting members are formed at a time. 
[Fig. 15] 

a view illustrating a case where a phosphor paste is 
applied to a plurality of supporting members at a time. 
[Explanation of reference numerals] 
15 1- -gas discharge tubes 

2 • pairs of display electrodes 

3- - signal electrodes 

4- '* phosphor layer 

5- *- secondary electron emission film 
20 6-- supporting member 

6a*-- metal supporting member 
7~ glass mother material 
7a- -metal mother material 
7b-" flat-shaped metal mother material 
25 7c--- elongated mother material 

8---heater 

9 ••• temperature sensor 
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11 ■••redraw apparatus 
12-" slider 

13, 13c-*drawing rolls 
13a--* convex roll 
13b*-- concave roll 

14- -- rolls for changing direction 

15- -* conveying rolls 

16*-* phosphor paste application device 
16a--* nozzles 

1 7- •• drying oven 

18- -* baking oven 

19 ••• transfer apparatus in the form of rolls 

1 9a- •• transfer roll 

19b*--opposing roll 

21, 22 •• reduction rolls 

23--- forming rolls 

24, 25*--press dies 

3 1--- front side substrate 

32 •••rear side substrate 
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[FIG. 3] 

A VIEW ILLUSTRATING AN EXAMPLE OF A GAS DISCHARGE TUBE THAT HAS 
DISPLAY ELECTRODE PAIRS IN DOT PATTERN AND A SIGNAL ELECTRODE 
IN STRIPE PATTERN FORMED ON A TUBE SURFACE 



[FIG. 4] 



VIEWS ILLUSTRATING THE INTERNAL CONSTRUCTION OF 
A GAS DISCHARGE TUBE 




(b) 



[FIG. 5] 
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[FIG. 7] 




[FIG. 9] 




[FIG. 10] 




[FIG. 11] 




[FIG. 13] 



A VIEW ILLUSTRATING A STEP OF 
PRESS-FORMING AN ELONGATED ROUND BAR 
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[FIG. 14] 



A VIEW ILLUSTRATING A CASE WHERE A PLURALITY OF SUPPORTING 
MEMBERS ARE FORMED AT A TIME 
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[FIG. 15) 

A VIEW ILLUSTRATING A CASE WHERE A PHOSPHOR PASTE IS APPLIED TO 
A PLURALITY OF SUPPORTING MEMBERS AT A TIME 
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[NAME OF THE DOCUMENT] Abstract of the Disclosure 
[ABSTRACT] 

[OBJECT] To efficiently form a phosphor layer in a gas 
discharge tube by drawing a base material to fabricate a 
5 supporting member which is insertable in a small glass tube to 
be used as the gas discharge tube, forming a phosphor layer on 
the supporting member, and then inserting and placing the 
supporting member in the small glass tube. 

[Means for Attaining the Object] There is provided a method for 
10 forming a phosphor layer in a gas discharge tube, comprising: 
drawing a mother material to fabricate a supporting member 
which is insertable in a gas discharge tube; forming a 
phosphor layer on a surface of the supporting member; and 
inserting into the gas discharge tube the resulting phosphor 
15 layer supporting member having the phosphor layer formed 
thereon. 

[SELECTED FIGURE] Fig. 8 



